India bred high yielding rice varieties have enriched to a great extent the global rice germplasm since the mid-sixties. Systematic research efforts for development of cultivar-specific DNA fingerprints of major Indian rice cultivars, however, have not received due attention. The present investigation was aimed at development of DNA fingerprints for 90 high yielding rice varieties using hypervariable microsatellite (hvRM) markers. A panel of eight markers, viz. RM11313, RM13584, RM15004, RM5844, RM22250, RM22565, RM24260 and RM8207 was chosen from 52 polymorphic markers based on their highly polymorphic nature, SSR repeat type and number and ability to distinguish genotypes, in order to develop DNA fingerprints of 90 varieties. The remaining high polymorphic hvRM markers could be of immense value in future to distinguish new cultivars, in case they could not be distinguished by the 8 marker panel. Four of the 8 markers, viz. RM22250, RM13584, RM24260 and RM5844 were located in expressed genes and could be of value in DUS (Distinctness, Uniformity and Stability) testing. Thus we suggested, that this set of 8 loci could be used as standard for DNA fingerprinting of Indian rice cultivars.
Introduction
Being on the periphery of the centre of origin of rice, India is endowed with rich genetic diversity. Subject to natural and manual selection since its domestication, the Asian rice (Oryza sativa) differentiated into three major geographical groups, viz. indica, japonica and javanica (Siddiq et al. 2012) . As a result of Green Revolution in the mid-1960s, the development and release of rice varieties with dwarf plant stature gained momentum in India. As of now, more than 900 high yielding dwarf and semidwarf varieties have been released for general cultivation for irrigated, rainfed upland and lowland rice ecologies. In every ecology, a few varieties remain popular with farmers and consumers for decades since their release. For instance, Swarna, Savithri, BPT 5204, etc., are popular in lowland ecologies, whereas Pusa Basmati-1, Pusa-44, etc., were in irrigated ecology. Further, many improved varieties released worldwide are derived from the donor sources from India only. For instance, the donor of recently released submergence tolerant variety Swarna Sub-1 is FR13A, a deep-water landrace from India (Xu et al. 2006) . Likewise, GEB-24, a high quality rice from Southern India, was the source to develop as many as 31 varieties from IRRI and elsewhere, while Eswarakara of Andhra Pradesh state has been the source for many of the gallmidge resistant varieties (Roy et al. 1969) .
These examples underscore the importance of Indian rice varieties as valuable gene sources. Establishment of the genetic identity of high yielding varieties/donor sources through development of cultivar specific molecular profiles is important for their registration under the Protection of Plant Varieties and Farmers Rights Act, so as to assert plant breeders' right as well as to prevent unauthorized use on commercial scale. Traditionally, morphological traits and isozyme markers were used to establish the identity of a variety (Glaszmann 1987; Patra and Chawla 2010) . Such traits and markers are, due to their limited numbers, stage specificity and environmental influence of expression, not efficient enough in nature to characterize reliably and precisely the germplasm. On the other hand, the highly heritable, abundant and polymorphic DNA markers are powerful enough to discriminate not only distantly related but also closely related genotypes. For this reasons, DNA fingerprinting is considered and widely used as potential for establishing genetic identity and relatedness of genotypes in crop breeding research and germplasm management.
Among DNA based markers, microsatellites or SSRs (Simple Sequence Repeat) are found to be of value in gene mapping and tagging of traits of interest, genetic diversity analysis and establishment of genetic purity (Garris et al. 2005; Marri et al. 2005; Vemireddy et al. 2007; Sundaram et al. 2008; Srividhya et al. 2011) . After whole genome sequencing, more than 50,000 microsatellite markers are available now (Zhang et al. 2007) , of which 18,828 were Class I SSRs, i.e. SSRs containing perfect repeats ( = 20 nucleotides in length) and also known as hypervariable SSRs. Recently, evenly distributed hypervariable SSRs have been shortlisted and demonstrated to be quite handy in studies of genetic diversity, population structure analysis, DNA fingerprinting and marker-assisted selection/breeding in rice (Narshimulu et al. 2011) . Also, very recently, hypervariable SSR markers have been used to estimate the genetic diversity of major Indian rice cultivars released from 1970 to 2010 (Choudhary et al. 2013) . On the strength of this background, the present study was initiated to develop cultivar specific allelic profiles for major Indian rice varieties using a set of 8 hypervariable SSR markers.
Materials and Methods

Plant material, genomic DNA isolation and microsatellite genotyping
A total of 90 genotypes comprising most popular high yielding rice varieties released in India were included in the study (Table S1* (Murray and Thompson 1980) . Fifty-two hypervariable microsatellite markers distributed over the 12 chromosomes were chosen for the study. PCR amplification was performed in 10 µl reaction containing 20 ng DNA, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl 2 , 0.5 unit of Taq polymerase, 50 µM of dNTPs and 0.1 µM each of forward and reverse primers using Veriti (ABI, Foster City, CA, USA) thermal cycler. Conditions for thermal cycler reaction used were as follows: after an initial denaturation at 94 ºC for 10 min, the PCR mix was cycled 35 times at 94 ºC of denaturation for 45 s, 55-60 ºC of annealing for 45 s (according to the optimal temperature of the primers) and 72 ºC of extension for 60 s followed by a final extension step at 72 ºC for 10 min. The samples were then mixed with bromophenol blue and run on a 3% agarose gel along with the 50-bp ladder (MBI Fermentas, Canada) for an hour in 0.5× Tris-Acetic acid-EDTA (TAE) buffer. The resolved PCR bands were documented using Bio-Rad Molecular Imager Gel Doc XR System. If PCR products were not amplified, the reactions were re-amplified.
PCR with tailed primers
The allele sizes of the eight primers, viz. RM11313, RM13584, RM15004, RM5844, RM22250, RM22565, RM24260 and RM8270, were confirmed by screening all 90 genotypes with tailed primers. The primer sequences can be obtained from the gramene site (www.gramene.org). PCR reaction was carried out with 1 picomole of forward primer tailed at 5' end with 19 base sequence (5'CACGACGTTGTAAAACGAC3'), 2 picomole of reverse primers, 1 picomole of M13 fluroscent label (6-FAM) were added along with all the PCR components. The amplified PCR samples were run in ABI3130XL capillary electrophoresis and allele sizes were estimated using Genemapper v 3.7 software (Applied Biosystems, Foster City, USA).
Data analysis
Only clear and unambiguous bands of SSR markers were scored. The sizes of the amplified fragments were estimated with the help of Alpha image software by Gel documentation system using 50-bp DNA ladders (MBI Fermentas, Canada) as size standards. Markers were scored for the presence (1) or absence (0) of the corresponding band among the genotypes. A data matrix comprising '1' and '0' was formed depending on the character. The data matrix was subjected to unweighted pair group method with arithmetic averages algorithm (UPGMA) cluster analysis using the program NTSYSpc 2.02i to estimate the genetic relatedness among genotypes. To measure the informativeness of the markers, the polymorphism information content (PIC) for each SSR marker was calculated according to the formula PIC = 1 -SPi 2 where 'i' is the total number of alleles detected for SSR marker and 'Pi' is the frequency of the i th allele in the set of 90 genotypes investigated.
DNA fingerprinting
In our previous study, we have shortlisted 840 hypervariable rice microsatellite markers (hvRM) from the publicly available 18,882 Class I SSR markers (Narshimulu et al. 2011) . Of the 840 hvRM markers, 52 were chosen for the present study based on their distribution and evenness over all the 12 chromosomes to screen the 90 genotypes. Of 52 markers, eight hvRM markers were picked out based on their high PIC values and repeat type and ability to discriminate the cultivars unambiguously. Using these eight markers cultivar specific allelic profile was developed, by which one can differentiate all the cultivars. Usefulness of these markers have been validated in a set of survey samples of BPT3291 (Sona Mahsuri), a popular variety, collected from 24 villages in Andhra Pradesh, India.
Results
Hypervariable microsatellite marker analysis
Fifty-two hvRM markers, distributed evenly on all the 12 chromosomes, were chosen to generate molecular profiles and assess thereby genetic variability among the 90 genotypes. A total of 184 alleles was identified from amplification of the 52 polymorphic SSR loci with product sizes ranging from 110 to 650 bp ( Fig. 1 ). Average number of alleles per locus was 3.53, ranging from 2 (RM16416) to 7 (RM8207). All parameters of polymorphic markers were given in Table 1 .
Cluster analysis
The cluster analysis based on 52 primers revealed similarity coefficients ranging from 0.61 to 0.89, while it was 0.55 to 0.97 with eight SSR markers used. The dendrogram grouped the 90 genotypes into four major clusters in the former case and into six clusters in the latter. Samba Mahsuri and Improved Samba Mahsuri fell into two different clusters with a genetic similarity of 62% in the dendrogram using 52 SSRs, while in the other case both the genotypes grouped in the same cluster exhibiting a similarity of 69%. Similarly, Swarna and Swarna Sub1 fell in two different clusters in both cases, showing a similarity of 63% for all 52 markers used and 56% for eight markers used. The Basmati varieties, viz. Basmati370 and Basmati386 along with Swarna formed a seperate cluster showing genetic similarities ranging from 70 to 86% with 8 primers. Tikkana and Pinakini together formed a sub-cluster in both cases with 85% similarity. Likewise, 'Pusa44' and 'Ghanteswari' also grouped together as a sub-cluster with a similarity of 91%. Comparison of cluster analysis using 52 and 8 markers revealed different clustering patterns. A possible explanation is that the 8 markers chosen for molecular profiling did not cover all the 12 chromosomes (Fig. 2) .
Development of cultivar specific allele profiles
For screening of all the genotypes, a subset of eight markers, viz. RM11313 (PIC-0. RM22565 (PIC-0.9), RM24260 (PIC-0.88) and RM8207 (0.95) was chosen based on their high PIC values (ranging from 0.86 to 0.95) and microsatellite repeat numbers and types and their ability to distinguish the genotypes. These markers have been found to be sufficient and efficient for unequivocal identification of the test genotypes ( Table 2 ). The eight markers were distributed on the chromosomes 1, 2, 3, 5, 8, 9 and 10. The type of microsatellite repeats of these eight markers used in the present study are two tetra-and six tri-nucleotide types of 17 di-, 28 tri-and 7 tetra-types. Since di-nucleotide repeat containing microsatellite markers cause significant noise in the capillary electrophoresis (CE) due to slippage, they were precluded from the shortlisted loci chosen for cultivar discrimination. The average number of SSR repeats for dinucleotide hvRMs (39) is higher than for tri-(23) or tetra-types (11). The latter, however, exhibit almost the same number of alleles (Na) and PIC values as those of the di-nucleotide hvRMs, indicating that neither number nor type of SSR repeats correlate directly with Na and PIC. For instance, tri-and tetra-nucleotide loci RM562 (0.94) and RM26190 (0.92) with high PIC did not have a higher cultivar discriminating power compared to low PIC exhibiting loci, such as RM11313 (0.86), RM13584 (0.88) and RM24260 (0.88). Likewise, the loci, such as RM5844 ((AAT)20), RM11313 ((AAT)23) and RM8207 ((AAG)23) having less microsatellite repeats, proved to be more effective in cultivar discrimination as compared to high numbers of repeat containing loci, like RM25262 ((AAT)38), RM27840 ((AAT)37), etc. For distinguishing cultivars from one another easily, alleles were given codes, i.e. A, B, C, D, and E based on their allele sizes in ascending order. The patterns of allele codes of these eight markers were found unique for each of the cultivars studied. Differences in the patterns with respect of even a single allele code could distinguish one variety from the other. For instance, the variety Manoharsali had allele code (AAAAACAB), which is different from TN1 (BAABACBA) suggesting that the allele codes can be used for distinguishing varieties from each other. We have developed a specific code for all 90 rice varieties. Similar kind of allele codes had been developed for all notified traditional, evolved and non-Basmati varieties earlier Samba Mahsuri and Swarna sub1A, introgressed with bacterial blight resistance and submergence tolerance genes, from their respective original varieties Samba Mahsuri (BPT5204) and Swarna, though they were claimed to be more than 95% similar to their original varieties. Thus, on the basis of unique allele code patterns, 90 cultivars could be distinguished using the subset of eight markers.
Discussion
The present study was aimed to develop cultivar specific allele profiles for major Indian high yielding cultivars employing a set of hypervariable SSR markers. Of the 52 hvRMs, eight, viz. RM11313, RM13584, RM15004, RM5844, RM22250, RM22565, RM24260 and RM8270 have been found to be sufficient for unambiguously distinguishing all the representative major rice cultivars of India. The eight markers distributed on as many as seven chromosomes (1, 2, 3, 5, 8, 9 and 10) covering uniformly and nearly the entire rice genome, satisfied the standards proposed by the UPOV (http://www.upov.int) with respect to genome distribution of molecular markers for DNA profiling of cultivars. Hence, these markers could be of great value not only in cultivar identification but also in DUS (Distinctness, Uniformity and Stability) testing for genetic identity and uniformity as well as for detection and quantification of adulteration in high quality rices like basmati. In spite of the fact, that all the major cultivars are derived from a few foundation genotypes, still it was possible to discriminate and establish them as unique cultivars employing the subset of hypervariable markers. Also, the possibility of identifying as many as 40,320 combinations of allele profiles with the aid of this subset of markers, suggested its potential in distinguishing more and new varieties to come in future. Characterization of crop cultivars such as soybean (Giancola et al. 2002 ), pepper (Yong-Sham et al. 2005 , corn (Gunjaca et al. 2008 ) and rice (Bonow et al. 2009 ) using molecular profiles enabled to grant and protect the rights granted to breeders.
The allele codes, developed in the course of the present study, for establishing the distinctiveness of rice cultivars, could be considered as an official DNA signature to distinguish all future rice genotypes from the existing cultivars with accuracy and thereby protecting breeders rights. The marker profiles could be a powerful tool for the characterization of rice accessions, avoiding redundancy and duplicates in the germplasm being collected and conserved in the gene banks. The evenly distributed eight hypervariable SSR markers exhibiting higher PIC values and higher allele numbers (0.87 and 3.63) compared to the randomly selected markers (0.77 and 2.48) could be used as potential background markers in marker assisted selection as reported earlier (Narshimulu et al. 2011) .
The overall PIC values using hvRM markers are substantially higher than what was reported by earlier workers in rice using larger numbers of accessions (Garris et al. 2005; Giarrocco et al. 2007 ). The shortlisted eight marker panel, found to be able to distinguish the traditional, evolved and non-basmati rice varieties clearly, is quite valuable not only to identify the highly prized traditional basmati rice from relatively low priced basmati like non-basmati varieties, but also to accurately detect and quantify adulteration. Earlier, a CE-based assay was developed for detection as well as quantification of adulteration in basmati rice employing eight microsatellite markers, i.e. RM1, RM171, RM202, RM241, RM348, RM44, RM55 and RM72 Vemireddy et al. 2007 ). Out of the eight microsatellite markers, however, five, i.e. RM1, RM202, RM241, RM44 and RM55 were of di-nucleotide repeats.
Since di-nucleotide repeat microsatellite markers produce stutter bands when run in capillary electrophoresis, it is difficult to determine the major peak of the allele, thereby causing an erroneous quantification of level of adulteration in export consignments. This is less of a problem with the use of tri-and tetra-nucleotide repeat based SSRs. These results reaffirm, that the ideal set of markers for use in molecular characterization of cultivars should consist of either tri-or tetra-nucleotide repeat based markers.
Applicability of eight marker profile in survey samples
The marker profiles developed in the present investigation will be more reliable for distinguishing rice cultivars as well as detecting possible adulterations. The power of the eight hypervariable markers, was validated in seed samples of BPT3291 (Sona Mashuri) col-lected from 24 villages in Vizianagaram district of Andhra Pradesh, India, wherein the level of adulteration was found to range between 10 and 12% as compared to the pure sample of the variety (data not shown). Also, an eight marker keys could be used to resolve differences among cultivars bearing the same name. For instance, the popular fine grain varieties of South India, i.e. BPT3291 (Sona Mahsuri) and similar ones are marketed as highly consumer preferred Samba Mahsuri (BPT5204) and Kurnool Mahsuri, though they are genetically different varieties. They could be clearly differentiated using the eight marker keys developed in the present study. Likewise, the key has been found quite efficient in distinguishing improved versions of the old popular varieties as well. For instance, improved varieties of BPT5204 and Swarna, viz. improved BPT5204 and Swarna-Sub1, respectively, could be distinguished from their original parents using this eight marker keys, though they were reported to be over 95% similar to their parental varieties.
A recent study (Bonow et al. 2009 ) suggested that SSR markers identified in and around the introgressed gene(s) of interest were useful for identification of Brazilian rice varieties as well as for DUS testing. Also, they have suggested that microsatellite markers linked to expressed genes could greatly supplement the morphological descriptors in establishing distinctiveness of new varieties as recommended by the International Union for the Protection of Plant Varieties (UPOV). Of the eight marker panels chosen for the cultivar identification in the present study four markers, i.e. RM22250, RM13584, RM24260 and RM5844 have been found to be located in expressed genes (LOC_Os04g02030.1 (Protein coding), LOC_Os02g39570 (acetolactate synthase/amino acid binding protein), LOC_Os09g23720.1 (expressed protein) and LOC_Os05g16180 (NB-ARC domain containing protein). These four markers were found to differentiate more than 50% of the varieties used in the present study indicating their potential use in DUS testing.
In summary, this is the first systematic study, to our knowledge, to develop cultivar specific allele profiles for major Indian rice varieties. The shortlisted eight hvRM loci are useful for Indian rice breeders for choosing genetically divergent parents for breeding of complexly inherited traits like yield, etc., exploiting the available genetic variation, and precisely classifying new varieties. The remaining high PIC hvRM markers could be of immense value in the future to conserve new cultivars, in case they could not be distinguished by the eight marker panels. Four of the eight markers located in genes could be of value in DUS testing by supplementing the morphological descriptors. This panel of eight markers, therefore, may be considered as reliable and authentic "DNA fingerprint" of Indian rice varieties for unambiguous identification.
